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® Method for verifying the accuracy of a liquid dispenser. 

© This invention relates to a method of of determining the accuracy of a liquid dispenser. More particularly, 
this invention relates to a method of use of robotic equipment in the processing of microliter-plate based assays! 
The method permits the diagnostic instruments using absorbance type measurements and laboratory robots in 
the analysis of samples to verify the accuracy- of the dispensing portion of the robot. This method finds particular 
use in the diagnostic instruments analyzing samples which contain viruses (or antibody to the virus) of infectious 
diseases. Typical of such infectious diseases are the human immunodeficiency virus Type -1(HIV-1). 

VEfttFKATfON SYSTEM LAYOUT 




Fig. 3 
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LIQUID DISPENSER ACCURACY VERIFICATION METHOD 



FIELD OF THE INVENTION 

This invention relates to a method of determining the accuracy of a liquid dispenser. More particularly 
this invention relates to a method of use of robotic equipment in the processing of microtiter-plate based 
assays. The method permits diagnostic instruments using absorbance type measurements and laboratory 
robots in the analysis of samples to verify the accuracy of the dispensing portion of the robot. This method 
finds particular use in diagnostic instruments analyzing samples which contain viruses (or antibody to the 

S^OIIV r°' US diSeaS6S ' TyPiCa ' ° f SUCh infeC,, '° US diS9aS6S hUman immunodeficienc y virus 

BACKGROUND OF THE INVENTION 

. dia i nos « c ^ents are known which are used In the detection of infectious disease agents 

law™!? thT T SUCh i ? Stmment US6S 8 " licro « ter -P |a ^ based enzyme linked immunoabsorbant 
assay (ELISA). The development of microtiter-plate ELISA methods allows the processing of a large numbe 
o samples : (typically 96 wells per plate) simultaneously. A common problem in the use of t e mSer 

loJ TZl k, T" iS , ^ traCKin9 ° f SamP ' e Wentity - The wells in a P'ate ■» cSy 

spaced When a blood sample .s manually transferred from a sample tube to one of the closely spaced 
wells, it can easily be misplaced into a neighboring well. 

tiJT^TT' T°*° ! yS,8mS haVS b6en devel0ped for me P ur P° se of Pressing microtJter 
plates. These devices are designed to increase laboratory throughput and many of these devices also 
provide positive sample identification through the use of barcode labels. For example, the Zymate robot 
Zymark Coloration, Hopklnton, MA, USA) has been adapted for the processing of L micro/teTp ateJin 
he research laboratory. Another laboratory automation device that has been in use in may clinical 
laboratories Is the Hamilton MICROLAB-AT (Hamilton Corporation. Reno. Nevada USA) 

*UMMn™ X °" MIC h ? 0L ^ T ' whlch ls a,s ° su PP"«i by DuPont as an OEM equipment known as the 
SUMMITfTM), is capable of performing the following functions: 

1) Reading the barcode labels on each of the 96 sample tubes placed in a tube rack 

2) Adding a precisely measured amount of reagent to each of the 96 wells on the microliter plate 

3) Transfernng a precisely measured amount of sample from the sample tube to the corresponding well 
on the microliter plate. r a 

4) Mixing the reagent with the sample and performing any dilution, if required 

In order to minimize the hazards involved in the transfer of human serum which may contain infectious 
disease agents, the DuPont SUMMIT uses disposable pipets which are ejected into a biohazardous bag 
after each run. The use of disposable pipets, however, makes the verification of sample accuracy and 
precision more difficult. w««.y a..u 

The relatively small size of the wells on the microliter plate (typically 300 uL per well) requires the 
prec.se delivery^ a minute amount of sample (typically 10 uL or less). Inaccuracies in the delivery of 
samples will lead to erroneous results that may endanger public health and the safety of blood supplies In 

be ro r uIeSve U rffied he a0CUraCy * EUSA M ' *" V °' Ume * ^ aU, ° mated devic * s mu8t 

Typically, the verification of the volumetric accuracy of a device is accomplished by weighing a sample 
o P"re wa ter transferred by the device. Although this method is a satisfactory procedure for the verification 

mlL f T- * re J ati r ,y lar9e , samP ' e Si2eS (10 ° UL or more ' ie ' 01 9 in W9i 9 M >. « !• "« a satisfactory 
method for the verification of volumes in the range of 5-10 uL. Sample sizes in the range of 5-10 uL are 
often required for many microtiter-plate based ELISA methods. 

When attempts are made to weigh a 10 uL (or 0.01 g) sample of pure water, the surface tension of 
water will often lead to the incomplete transfer of the liquid from the pipet tip to the microliter plate 
Moreover, evaporative loss will often lead to errors In the measurement. In order to prevent evaporative 
loss, the relative humidity of the room must be kept very high. In addition, a highly accurate analytical 
balance must be used for this kind of measurement. 

The proper type of equipment and operating environment which are needed to make gravimetric 
verification of automated pipetting devices are usually not available in a clinical laboratory. Even if these 
equipment were available, the skill level and time required to conduct these measurements are very high 
Thus, the gravimetric verification of the volumetric accuracy of the robotic ELISA processing devices is not 
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practical in a clinical laboratory. 

Typically, in the prior art, colorimetric reagents have- been used to verify the volume delivered by a 
liquid transfer device. In these cases the volume of the reagent is usually calculated by the following 
equation. (Beers Law): 

5 

A = a b c where A=absorbance measured 

a=nnoIar absorptivlLy 
b=path length (usually fixed 
« for a given Inslrumenl) 

c=concentration of 

colorimetric reagenl 

is Us'ng this common approach, the measured volume is dependent on the absolute concentration of the 
reagent. Therefore, the approach requires that the exact concentration of the reagent is known. 

In reality the concentration of the colorimetric reagent, cannot be precisely controlled. Therefore, 
verification methods that calculate volume directly from the absorbance measured are often inaccurate. 
Another verification method is justified in U.S. Patent 4,354,376 issued to Greenfield et al. According to 

20 Greenfield et al, "in carrying out the invention, a kit is provided comprising a vial of a standard calibration 
solution of a first predetermined color density, a vial of a standard calibration solution of a third 
predetermined color density, a calibration vial containing a predetermined volume of a diluent, and one or 
more vials or bottles, each containing a solution of a calibration reagent of a different color density. The kit 
may also contain a pipette calibration chart on which spectrophotometer readings of the light adsorption by 

25 the solutions in the standard calibration vials are plotted to provide a reference curve can be used to 
determine the volume of the calibration reagent pipetted into a calibration vial to replace an equal volume of 
diluent removed therefrom. That volume is the volume of the pipette being calibrated". 

The difficulty with Greenfield et al is a manual procedure apparently used for the occasional pipette that 
needs to be calibrated, it is not at all suitable for a method that contemplates calibrating an automated 

so device. 

SUMMARY OF THE INVENTION 

Many of the disadvantages of the prior art dispenser verification systems are overcome by the method 
as of this invention. According to this invention, a method of determining the accuracy of a liquid dispensing 
pi pet using a polarity of wells of the same configuration and volume is accomplished by the steps of: 
introducing a known volume of a colorimetric reagent that absorbs radiant energy In a manner directly 
proportional to the concentration into a first well, dispensing a desired volume of the colorimetric reagent 
using the liquid dispensing pipette into a second one of the wells, measuring the absorbance of the reagent 
40 in each of the wells, calculating actual volume of reagent dispensed in the second well by multiplying the 
known volume by the ratio of the absorbance of reagent In the second well to the absorbance of the reagent 
in the first well. 

In a preferred embodiment the calculated actual volume as compared to the desired volume further- 
more the wells are disposed in rows and columns and the known volume of colorimetric reagent introduced 
45 into each well of the first two of wells, the absorbance of each well of the first row is averaged to obtain an 
average absorbance, and the actual volume is calculated using the average absorbance of the first row of 
wells. 

In a preferred embodiment of the invention the colorimetric reagent is cobalt sulfate. In the further 
embodiment of the method of this invention additional rows of wells wherein additional rows of wells are 
so each dispensed with the desired volume of different concentration of the colorimetric reagent calculating the 
actual volume of each of the different desired volumes dispensed by multiplying the known volume by the 
ratio of the absorbance of reagent in each dispensed well to the average absorbance of the first row of 
wells. 

By the use of this invention and Its unique way of measuring the volume delivered the need for a 
55 colorimetric reagent with a precisely known absorbance value is eliminated. Instead of calculating the 
volume delivered directly from a measured absorbance value, the volume is calculated from a ratio of "the 
absorbance values for a sample delivered by a precisely calibrated pi pet and a sample delivered by the 
automated device thus the error introduced by the variations in concentrations of the reagent is significantly 
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reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 



30 



40 



50 



The invention may be more fully understood from the following detailed description thereof taken In 
connection with accompanying drawings which form a part of this application and in which- 

Figure 1 is a pictorial view of a SUMMIT™ sample transfer system having a robotic arm for effecting 
the transfer of samples and reagents to microliter plates for reaction and measurement 

Figure 2 is a fragmentary pictorial view of the robotic arm of Figure 1 . 

Figure 3 is a block diagram depicting the interaction of the software, used in the method of the inventor 
with SUMMIT™ instrument; describes the equipment utilized to perform the method of this invention and ' 
Figures 4a -4i are flow charts of the software used to implement the method of this Invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE METHOD 

The method of this invention preferably is used with the SUMMIT™ Automated Transfer System sold 
by El. Du Pont de Nemours and Company, Wilmington, Delaware and the invention will be described in 
that context. The SUMMIT™ system includes a robotic type instrument 10 (Figs 1 and 2) in which a robotic 
arm 12 transfers selected volumes of liquid (reagents, diluents and samples) to wells 14 in microtiter plates 
16. The wells 14 are typically arranged in rows and columns to form typically an 8 x 12 assay of wells 14 
The samples to be processed are held in a certain rack location 18. An array.of pipettes 20 mounted on the 
robtic arm 12 can withdraw samples from the sample locations and transfer them to the wells 14 of 
microtiter plates 16. Adjacent to the microtiter plates 14 (microplate) are reagent and diluent reservoirs 22 

Referring to Figure 3 it is seen that the SUMMfT™ instrument includes verification software 24 which 
operating in conjunction with a microplate reader 26 measures the absorbance of a colorimetric reagent of 
different concentrations in each of the wells of the microplate 14. For this purpose.a colorimetric reagent is 
used. Such colorimetric reagent may be any of those stable reagents well known in the art that follow 
Beers Law. These include cobalt sulfate and potassium dichromate, with cobalt sulfate being preferred 
When cobalt sulfate is used, sulfuric acid Is used as a diluent to maintain stability of the reagent The 
software performs a routine in which the pipetting arms 20 dispense different concentrations of the reagent 
in the several wells 14 (usually row by row), the concentration of each well is measured, and result printed 
out in the form of reports at the printer 22 stating the accuracy of the dispensed material 

In accordance with the invention, instead of calculating the volume delivered directly from the measured 
absorbance value, the volume is calculated from a ratio of the absorbance values for a sample delivered by 
a precisely calibrated pipette and a sample delivered by the automated device. Thus, the error introduced 
by variations in the concentration of the reagent is eliminated. Using this common approach, the measured 
volume is dependent on the absolute concentration of the reagent. Therefore, the approach requires that the 
exact concentration of the reagent is known. 

A preferred method to prepare a reference solution "knowing" the exact concentration is containing the 
colorimetric reagent which preferably is calibrated by a gravimetric method. The gravimetric method 
includes determining the volume based on weight measurements. The actual volume (V) delivered fin uL) 
equals; v . ' 

V= 1000 [uL/mL) x weight (g) x volume factor (mL/g) (at the appropriate temperature) 
The volume factor is the volume of 1.000g of pure water at the given temperature. 

For Example; 

The volume factor at 23' C is 1.0035 mL/g. If the weight of the water delivered is equal to 0 10001a at 
23 C, the volume delivered is: 

V= 1000 uUmLx 0.1 0001 gx 1.0035 mUg = 100.36 uL 



The calibrated volume of the reference pipette should be calculated from the average of at least ten 
weight measurements using a calibrated analytical balance. This reference volume typically is introduced 
manually into each well 14 of a row of one of the micro-plates, which is typically twelve wells 

The instrument control software as will be described instructs the instrument to fill the micro-plate as 
55 .follows: H - = . 

a) Dispensing of Reagent for Blank-Absorbance Correction The first row of wells (A1-A12) (see table 
below) will be filled with 1% sulfuric acid and will be used to calculate the blank absorbance The blank 
absorbance is the average of wells A1-A12. 



b) Volume and Calculations To measure the volume dispensed at 10uL, the second row of wells (Bl- 
B12) are first filled with 90 uL of 1% sulfuric acid. Then 10 uL of the Cobalt Sulfate reagent are 
dispensed into the 1% sulfuric acid and the two reagents are mixed by moving the plunger of the pipet 
dispenser (included in robotic arm-12) up and down several times. 
5 This mode of dispensing ensures that the colorimetric reagent is completely dispensed. When attempts 
are made to dispense a 10-uL droplet of liquid onto a "dry" microtiter plate, the surface tension on the 
droplet will cause the liquid to adhere to the tip of the pipet and consequently prevent a complete transfer 
of the reagent. 

To ensure that volumes other than 10 uL are also accurately dispensed, the rest of the microtiter plate 
to is filled with different volumes of the colorimetric reagent Cobalt Sulfate and its diluent 1% sulfuric acid as 
summarized below: 





Raw 


uL II2SO4 


75 


A1-A12 


100 uL 




B1-D12 


90 




C1-C12 


80 




D1-D12 


70 


20 


E1-E12 


60 




F1-F12 


50 




G1-G12 


0 




HI -HI 2 


0 



25 

The software assumes that 



uL C0SO4 Comment 

0 uL Blank by SUMMIT 

10 dispensed by SUMMIT 

20 dispensed by SUMMIT 

30 dispensed by SUMMIT 

40 dispensed by SUMMIT 

50 dispensed by SUMMIT 

100 dispensed by SUMMIT 

100 by reference pipeUe 



i) The volume pipetted into wells 111-1112 is correct. These wells are pipetted manually using a 
calibrated pipet 

30 ii) The absorbance (A) of Cobalt Sulfate, in 1% sulfuric acid, is directly proportional to Its concentration 
(Beer's Law). Therefore, the volume of Cobalt Sulfate solution (V) delivered to each well Is calculated as: 
V = (Absorbance measured/Av Absorbance 111-1112) x Volume of Calibrated Pipette 

The software also allows for the correction of the error in the reference pipet. The calculated volume is 
compared with the gravimetrically calibrated volume Instead of the nominal volume of the reference pipet as 
35 shown in the above equation. To obtain absorbance measurement of the cobalt sulfate reagent, the filled 
microtiter plate is read at 492 nM. Software of this invention performs all the necessary data collection and 
calculations. A report is generated and a sample report is attached. The details of the software may be best 
understood from the flow chart of Figure 3. 

40 SYSTEM SOFTWARE 

The IBM Computer (IBM AT or IBM PS2/50) interfaces with the SUMMIT (TM)and an automatic 
microplate reader through two separate serial interface ports. 

The software program sends command sequences to the SUMMIT controller electronics, effectuates the 
45 pipetting of samples and receives absorbance data from the microplate reader. 

SYSTEM OPERATION 

To begin the verification process, the user will access the software program and select the "Volumes 
50 Verification Menu" (Figure 2.a). Normally the user will then select the "Start Volumes Verification" option. 

The software program is interactive and instructs the user to perform certain tasks during the verification 
process. For example, the software program will instruct the user to place the appropriate reagents at the 
proper locations by showing a depiction of the SUMMIT (TM) reagent rack (Figure 2.b). If the user wishes to 
stop the procedure, he may choose the "cancel" option at any time. The junctions for the "cancel" options 
55 are shown in Figures 2.b to 2.g. 

After the reagents are placed in the correct locations, the user will continue the verification process 1 by 
selecting the "Fill Verification Plate" option. A series of commands will be sent to the SUMMIT. and strips A 
through G will be filled automatically. 
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When rows of wells A through Q are completely filled, the SUMMIT instrument will stop and the 
software program will tell the user to fill strip H with a calibrated reference pipet. Once this step is 
completed, the user will place the microtiter plate into the microliter reader by selecting the "Read 
Vacation Plate option. Data collection will be performed automatically and the data will be displayed on 
the screen. If an error occurs during the date collection step, the user has the option to repeat the data 

be h X S6leCti h n9 * 9 " Reread Veriflcati °" Plate " °P«°" (*9ure 2.c). Various catenations will 

be performed and the user has the opt,on to print a summary report or a full report with graphs Data will be 
saved automatically on the system hard-disk and can be recalled anytime by selecting the "View Old 
Verification Plate" option (Figure 2.d). U 

For record keeping purposes, the user will store the serial number of the SUMMIT, the reagent lot 

Xn e (Fig n ure 2 e e r 99nt ° XPirati ° n "** ^ ** " V ' ev " EM Verification Rea 9 ent Data " 

INSTRUMENT CONTROL AND CALCULATIONS 

Deta-ls for the instrument control functions of the software program are shown in Figures 2.f and 2 a 
Dunng the "ln rt ,allze SUMMIT" step, commands will be sent to the SUMMIT to find the sfartlng posi on for 
the stepper motors. Twelve disposable pipet tips will then be loaded and the plate will be filled 
S?S f h9 user may c , hoos t to abort the Process at anytime by selecting the cancel option. 
Details of the filhng procedure or ind.vidual strips are shown in Figure 2.g. During the process of filling each 
strip, the software program will mstruct the SUMMIT to aspirate the reagent, wipe the tips and pipette the 
reagent .nto the microliter plate, The amounts of cobalt sulfate and sulfuric acid required for each strip are 

sir^cLT 18 of the caicij,ation aisorithm and the report printin ° fom,at shown ° n Rsure " 

*. describ9d . is a relativ9l X sirn P |e V8t hi 9"ly accurate means for determining the accuracy of 

the automatic dispensing p.pets. it does not rely upon the accuracy of a particular reagent but rather relies 
upon comparisons made to a reference. 

Claims 
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A method of determining the accuracy of a liquid dispensing pipet using a plurality of wells of the same 
configuration and volume by the steps of; 

■ Introducing a known volume of a colorimetric reagent of a known concentration that absorbs radiant 
energy in a manner directly proportional to its concentration into a first well 

• dispensing a first desired volume of the colorimetric reagent using the liquid dispensing pipet Into a 
sQconcl well, 

measuring the absorbance of the reagent in each of the wells, and 

calculating the actual volume of reagent dispensed in the second well by multiplying the know 
« thSt well ratl '° °' abSOrban ° e ° f r6a " nt in * e second we " t0 the absorbance of the reagent in 

2. The method of claim 1 which includes the additional step of comparing the calculated actual volume 
with the desired volume. 



45 3. 



The method of claim 3 wherein any stable coforimetric reagent such as cobalt sulfate or potassium 
dicnromate can be used 



50 ' 



55 



4. The method of cla,m 1 which includes the additional steps of dispensing a second desired volume of 
the colorimetric reagent together with a first desired volume of a diluent for the reagent into a third well 
and calcuiatmg the actual volume of reagent dispensed in the third well by multiplying theknow volume 
by the ratio of the absorbance of the reagent in the third well to the absorbance of the reagent in the 

1 1 rsi wen. 

5. In the method of claim 4 wherein the diluent is sulfuric acid. 

6. In the method of claim 2 which includes the additional steps of dispensing a second desired volume of 
the colorimetric reagent together with a first desired volume of a diluent for the reagent into a third well 
and calculating the actual volume of reagent dispensed in the third well by multiplying the known 



volume fay the ratio of the absorbance of the reagent in the third well to the absorbance of the 
in the first well. 



In the method of claim 6 wherein the colori metric reagent is cobalt sulfate. 

In the method of claim 3 wherein additional rows of wells are each dispensed with the desired volume 
of different concentrations of the colorimetric reagent calculating the actual volume of each of the 
different desired volumes dispensed by multiplying the known volume by the ratio of the absorbance of 
reagent in each dispensed well to the average absorbance of the first row of wells. 
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Verification 
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Exit 
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Show depiction of 
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Fig. 4b 
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Plate 



Cancel 
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Cancel 
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Cancel 

— ► 
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Shows view and corrected 
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Cancel 
— ► — 
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Show concentrations 




Cancel 
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Summary 



Full Report 



Print Summary 
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Fig. 4c 
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View Old Verification Plate 



Fig. 4d 
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Fig. 4e 
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Reagent Data 
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Fill Verification Plate 

Fig.4f 
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Cancel 
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Cancel 
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Fig. 4g 
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Show Concentrations and 
Residuals Graph 



Fig. 4h 



Plot concentrations graph 

of mea>> ODs of strips vs. ul Co (II) SO< 



Fit a line t o the concentration 
data points 
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distance of each data point 
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Calculate and display % error at 10 ul 
error =» ( 1 - volume (strip B) / 10 ) 



i 

Calculate and display % differences' 
between Summit™ & manual pipetting 
= % [ 1 - mean (G) / mean (H) ] 
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' Calculate and display % CV 
In manual pipetting 
»%CV (Strip H) 
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Print Summary Report 



Fig. 4i 



Print the report header 
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Print calibration reagent data 
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Calculate and print % CV 
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= % CV (Strip H) 
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between Summit™ & manual pipetting 
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A 



Print the corrected ODs for 
all wells on the plate and 
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© Method for verifying the accuracy of a liquid dispenser. 

® This invention relates to a method of determin- 
ing the accuracy of a liquid dispenser. More particu- 
larly, this invention relates to a method of use of 
robotic equipment in the processing of microliter- 
plate based assays. The method permits the di- 
agnostic instruments using absorbance type mea- 
surements and laboratory robots in the analysis of 
samples to verify the accuracy of the dispensing 
portion of the robot by comparing the absorbance 
due to a dispensed volume of reagent with that due 
to a known volume of the same reagent. This meth- 
od finds particular use in the diagnostic instruments 
analyzing samples which contain viruses (or anti- 
body to the virus) of infectious diseases. Typical of 
such infectious diseases are the human im- 
munodeficiency virus Type -1{HIV-1). 
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(54) Title: REAGENT SYSTEM FOR CALIBRATION OF PIPETTES AND OTHER VOLUMETRIC MEASURING DEVICES 
(57) Abstract 

A reagent system for accurately determining the volume of a 
pipette using a photometer is disclosed. The reagent system for use 
with the photometer includes a first container holding a reference 
solution and at least one second container holding a sample solution. A 
container holding the reference solution having maxim um absorbance 
at a first wavelength is positioned in die photometer. The absorbances 
of the container at the first wavelength and at a second wavelength 
are measured. Then the optical pathlength of the container at the 
second wavelength is calculated from the measured absorbances at the 
first and second wavelengths. An aliquot of the sample solution is 
introduced into the container with a pipette to be calibrated. The sample 
solution has maximum absorbance at the second wavelength. The 
sample solution is mixed with the reference solution to form a mixture. 
Then the absorbance of the mixture in the container is measured at the 
second wavelength. The volume of the aliquot is calculated from the 
absorbance of the mixture and the optical pathlength of the container. 
The volume of the aliquot represents the volume of the pipette. 
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